Abstract. POSS with cage-like hybrid molecules composed of silicon and oxygen has raised great interests of materials researchers owing to its excellent mechanical and thermal properties, such as tensile strength, tensile modulus and glass transition temperature Tg. And it has been widely used in electronics, automotives and multiple applications. The four basic manufacturing advances on POSS reinforced resin matrix composites were revealed in this paper and the corresponding conclusions were given. The advances concluded that POSS as reinforced phase could to some extent improve the mechanical and thermal properties of nanocomposites.
Introduction
Polyhedral oligomeric silsesquioxanes (POSS) is cage-like hybrid molecules composed of silicon and oxygen, ranging in size from approximately 1 to 3 nm with some organic R groups and once it was discovered, it has quickly raised the increasing interests of scientists in air force and other laboratories science 1990s [1] . Numerous studies proved that the incorporation of POSS into polymers could to some extent enhance mechanical properties. At the same time, POSS reinforced polymers could to some extend modify or improve glass-transition temperature of the base resin enhanced upon copolymerization with associated POSS monomer. The modified materials could be used for advanced electronics, aerospace, automotive and other multiple applications [2, 3] .
POSS as a nanosized, cage-shaped, three-dimensional structure could be incorporated into almost all kinds of thermoplastic or thermosetting polymers by blending, grafting, cross-linking or copolymerization, in order to modify their mechanical and thermal properties and oxidation resistance, and to reduce their flammability [4, 5] .
Manufacturing Methods

Blending
Zhang [6] prepared organic-inorganic hybrid nanocomposites from a resole phenolic resin and a POSS mixture containing 0.95wt% trisilanolphenyl POSS was investigated. Composites with 1.0-10.4 wt% of POSS were also prepared for comparison. TGA measurements in air confirmed that the temperature for 5% mass loss increases with increasing of POSS loading.
The chemical incorporation of POSS silanols into methylsilicone networks was investigated by Liu et al [7] . Four kinds of POSS molecules were blended into silanol-terminated methylsilicone resin before end-linking. TGA showed that the thermal stability was greatly improved by POSS.
A study of PEO with melt blended POSS in the whole composition range was conducted by Huang [8] . The POSS moieties included OS-POSS, OA-POSS, OP-POSS. The composites showed two distinct glass transition steps in DSC, neither significantly altered as a function of relative composition. The other two species had Tg significantly higher than that of the polymer.
Shibata [9] synthesized a POSS moiety with average three pyridyl and five phenyl vertex groups and then solution-blended it with pristine and sulfonated polystyrene. Addition of POSS significantly suppressed the glass transition step, especially for high sulfondtion levels.
Xu [10] incorporated POSS into epoxy system either pre-reacted or non-reacted using hexahydrophthalic anhydride (HHPA) as curing agent. And then Non-reacted POSS/epoxy hybrid materials were prepared by directly mixing AH-POSS, HHPA and DGEBA together and cured afterwards. The results showed that Tg and modulus irregularly decreased. Teo [11] analyzed novel epoxy-based hybrids prepared via incorporating POSS-IMC and POSS-MMT into the resin based on ECHM and HHPA. The result showed that both POSS-IMC and POSS-MMT could reduce the cure temperature of the epoxy/anhydride system.
The pyrolysis and fire behavior of EP composites based on a novel POSS containing DOPO-POSS and DGEBA were investigated by Zhang [12] . Analysis indicated that the DOPO-POSS changed decomposition pathways of the epoxy resin and increased its residue at high temperature.
Zhang [13] prepared epoxy resins by thermal curing and dispersed DOPO-POSS into DGEBA by mechanical stirring. And the curing agent (m-phenylenediamine) were then added and mixture were cured and post-cured. Nanocomposites with 2.5 wt% DOPO-POSS obtained best properties.
Flame retarded polylactide with pentaerythritol phosphate (PEPA), melamine phosphate (MP) and POSS were prepared by Song et al [14] . The results revealed that the UL-94 V-0 materials were obtained with a formulation of 20wt % IFR and 5wt% TPOSS.
Wang [15] modified UV-curable epoxy acrylate (EA) with OMP-POSS was prepared via thiol-ene photopolymerization. The result of thermal degradation of the cured films showed that OMP-POSS had a double effect on the thermal stability of EA.
Novel PSMA-POSS nanocomposites were prepared by Chen [16] , in which N-phenylaminomethyl POSS was conducted as cross-linking agent to incorporate to PSMA. POSS was introduced by one-step reactive solution blend in amounts of 30 wt%. DSC results showed that Tg increased to 168℃ with the increase of POSS loading.
EA coating modified with MAP-POSS was prepared by Gao [17] . These results showed Tg increased with increasing MAP-POSS content. When MAP-POSS content is 12 wt%, the Tg reached the maximum 54.3
• C which was 9.5 • C higher than that of pure epoxy acrylate. Montero [18] prepared organic-inorganic by incorporation of POSS(TSP), POMS(AlP) and an organoclay (OC), in an epoxy-amine system. Results showed that POSS addition improved the flame retardancy. The result showed that hybrid with 3 wt% AlP showed good thermal stability.
Zhang [19] prepared PH/POSS/PMHS/ASR composites. The results revealed that the thermal stabilities and mechanical properties of ASR were significantly enhanced by the addition of PH.
Tucker [20] modified a room-temperature cure epoxy consisting of DGEBF and DETA with 26.5wt% and 63.5wt% POSS by solvent-blending. The results showed that an increase of more than 300% in 150℃ storage modulus and more than 50% in tensile modulus were observed.
The synthesis and thermal characterization of several POSS modified polyurethane elastomers by Lewicki [21] . The results demonstrated that low levels of POSS substitution (lower than 10wt%) led to a significant increase in both the onset temperature of thermal de-polymerization.
Durmus [22] Introduced methyl-POSS particles in polyoxymethylene (POM) phase via melt-blending of i-PP nanocomposite as POSS carrier material with POM in a twin screw co-rotating extruder.
Martins [23] prepared nanocomposites of poly(vinylidene fluoride) containing POSS through melt blending. The result showed that nanocomposite with 5 wt.% content had the highest values for degree of cristallinity.
Chen [24] prepared POSS (DVPS) as an octavinyl-POSS derivative first and then series of novel polydimethylsiloxane (PDMS)/DVPS hybrid materials as room temperature vulcanized silicone rubber were prepared. Results significantly enhanced effects on thermal and mechanical properties.
Florea et al [25] synthesized two types of POSS based DGEBA/DG-PDMS nanocomposites were synthesized. The results showed that POSS based nanocomposites enhanced thermo-mechanical properties were obtained for those reinforced with OEP-POSS.
Andrade [26] blends nylon 6 and APOSS which contained 0-5% POSS by weight. APOSS was previously demonstrated to be an ineffectual additive at concentrations of more than approximately 3% by weight, lacking solubility and favorable interactions with the polymer matrix.
The morphology and thermo-mechanical behaviour of nanocomposites formed by PC matrix and POSS with phenethyl substituents (Ph-POSS) were studied by Soto [27] . The Ph-POSS nanocages were added to the PC by melt-blending at loadings between 0% and 15 wt%. DSC and DMA analyses showed that increasing amount of nanocages caused continuous decrease on Tg.
Sanchez-Soto [28] studied melt blends of different POSS species in POM. Moieties with eight PEO substituents and epoxidized cages with seven ethyl substituents did not disperse well.
Zhou [29] added dicumyl peroxide to facilitate reactive blending with the matrix. The dispersion of POSS dramatically improved with aggregates shrinking from 200-1000 nm to 50-200 nm. The hybrids also improved modulus due to cross-linking. But Tg decreased by a few degrees.
Most of references proved that POSS reinforced resin composites could improve Tg with POSS content of 0-10wt% or 5wt% POSS reinforced composites could be up to the top point, while mechanical property with 0-30wt%.
Co-polymerization
Such POSS moieties with seven cyclopentyl or i-butyl vertex groups were copolymerized with propylene by Zhang [30] . TEM showed that i-butyl-POSS disperse better in the matrix. Both species had significantly increased calorimetric Tg, but i-butyl POSS had a more prominent effect.
Seurer and Coughlin [31] prepared such moieties with seven phenyl, isobutyl, isooctyl or ethyl inert vertex groups and incorporated them in a copolymer of ethylene and propylene with POSS as high as 30wt%. Olefine-POSS act as plasticizers reduced Tg but phenyl-POSS slightly increased .
Similar results were reported in the case of PET polymerized in the presence of disilanol and trisilanol i-butyl-POSS [32] . The results showed that up to 3wt% dispersed well to 30-40 nm structures at higher loadings tended to aggregate. Both viscosity and complex modulus increased.
Blanco [33, 34] followed the in-situ polymerization approach, with up to 10wt% of phenyl heptacyclopentyl. Tg for various polystyrene-POSS systems prepared with particles present during polymerization [33] or by melt blending [35] . In this case, no effect of POSS on Tg was observed. Florea studied IPN based on dimethacrylic/epoxy resins via in-situ polymerization reinforced with octafunctional POSS (with methacrylate or epoxy groups) [36] . The results proved that the incorporation of OEP-POSS within epoxy resin led to a decrease of thermo-mechanical properties.
Above were researches of POSS with content from 0-30wt% reinforced nanocomposite and the results proved that it could to some extent improve its mechanical and thermal properties, but POSS reinforced epoxy resin composites on the contrary.
Grafting
Bianchi [37] grafted POSS on PS chains by reactive blending, using DCP as a free radical initiator. And the result revealed that a degree of hybridization up to 40% was achieved. A moderate increase in Tg was observed, that at the highest gross amount of 5wt% POSS , was △ Tg = +4.5 K.
PBO fibers was treated through surface grafting of POSS by Song [38] . The effect of POSS grafting on bulk mechanic property and interfacial property of PBO fiber were studied. The results showed that interfacial shear strength between treated PBO fibers and epoxy resin increased to 54.9MPa comparative with untreated one. Tensile strength of treated PBO fiber little decreased.
Jiao [39] synthesized POSS-MPS by the reaction of NH 2 -MPS with G-POSS which was employed as reinforcing agents to prepare POSS-MPS/EP nanocomposites. Its thermal properties and mechanical properties of the POSS-MPS/EP improved.
The grafting of amino-POSS on CFs surface was achieved through the reaction of the SPDPC grafted on the CFs surface by Jiang [40] . Grated SPDPC and grafted with a combined SPDPC and amino-POSS improved the interfacial performance of the CFs/UPR composites respectively.
Cross-linking
Chen [41] firstly introduced both DVPS and PDMS as the cross-linker and the reinforcing filler respectively. The results exhibited that the thermal stabilities and mechanical properties of the novel RTV silicone rubbers were far better than those of the reference materials (DVPR and MTFR).
In the past five years, Chen et al were undergoing researches of cross-linking POSS to matrix materials and experiment results exhibited that by making full use of this method, thermal and mechanical properties of POSS reinforced nanocomposites could be reinforced.
Conclusion
The fabrication methods of POSS reinforced nanocomposites were introduced in this paper. The basic four methods including blending, co-polymerization, grafting and cross-linking and their corresponding researches advances were reviewed too. The relative conclusions are as follows.
(1) POSS reinforced thermoplastics resin matrix composites could to some extend improve the corresponding mechanical and thermal properties.
(2) Most of references proved that POSS reinforced resin composites could improve Tg with POSS content of 0-10wt% or 5wt% POSS reinforced composites could make it reach up to the top point, while mechanical property with 0-30wt%.
(3) The reinforcement effects of POSS nanocomposites to some extend depended on the interfacial surface bonding. In the basic four methods, blending and are convenient to operate but the reinforcement effects are not as well as the other three methods.
